Introduction
The heart, blood and blood vessels make up the cardiovascular component of circulatory system. The circulatory system is a vast network of organ and vessels which is responsible for the flow of blood, nutrients, oxygen and other gases to and from the cells. Blood circulates through the body by pumping action of heart. Sometimes because of unnatural growth of arterial wall thickness or accumulation of substances in the artery, blood has to pass with more pressure. This accumulation of substances in arteries known as stenosis.
The vessel or arterial walls may be elastic, movable or permeable. To understand the mechanics of circulation of the blood, it would be prerequisite to have a clear idea of basic mechanics of fluid. Some of the basic studies dealing different models of Newtonian and non-Newtonian fluid given in Refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] whereas the mathematical modelling of pulsatile flow of Herschel Bulkely fluid in stenosed arteries has been examined first times by Sankar and Lee. [16] They used regular perturbation technique and found its analytic solutions. The Newtonian behavior of blood flow is also discussed in this paper. Study on three layered oscillatory blood flow through stenosed arteries is discussed by Tripathy.
[17] Mekheimer and Elkot [18] have discussed the mathematical modelling of unsteady flow of Sisko fluid through an anisotropically tapered elastic arteries with time variant overlapping stenosis. Many researchers have highlighted about arteriosclerotic development indicate that the studies are mainly concerned with the single symmetric and non-symmetric stenosis. Akbar and Nadeem [19] have analyzed the blood flow of different fluids in stenosed arteries. Recently, Mishra et al. [20] have studied the blood flow through a composite stenosis in an artery with permeable wall. Permeable arterial walls suggest that consideration of no slip condition at the wall may not be valid. A careful review of the literature reveals that no efforts are yet devoted to examine the blood flow of Prandtl fluid through a tapered stenosed arteries having permeable walls with uniform magnetic field.
Motivated by these facts, the present communication has been undertaken to analyze the fully developed blood flow of Prandtl fluid through tapered stenosed artery in presence of magnetic field. The influences of permeable walls along with slip are also taken into account. The nondimensional governing equations in the case of mild stenosis and corresponding boundary conditions are first prescribed and then solved by perturbation technique. The physical features of the prominent parameters have been illustrated through the graphs. Trapping phenomenon have also been discussed at the end. After the introduction in Sec. 1, the outlines of this paper are as follows. Section 2 contains mathematical formulation of the problem. In Sec. 3 solution of the problem is presented by perturbation method. Finally Sec. 5 summarizes the results and discussion.
Mathematical Formulation of the Problem
Consider an incompressible Prandtl fluid flowing through tapered artery of finite length L with stenosis.
The walls of the arteries are considered to be permeable. A uniform magnetic field is applied in the transfer direction to the flow. The fluid is taken to be weak of electrical conduction, because of which magnetic Reynolds number and induced magnetic field can be neglected. Let (r, θ, z) be the coordinates of a material point in the cylindrical polar coordinate system where z-axis is taken along the axis of artery while r, θ are along the radial and circumferential direction respectively. Moreover, r = 0 is taken as the axis of symmetry of the tube. The geometry of the arterial wall of the overlapping stenosis for different taper angles [21] is defined by
in which
Here δ denotes the maximum height of the stenosis located at
where R 0 is the radius of the non-tapered artery in the nonstenotic region, d(z) is the radius of the tapered arterial segment in the stenotic region, ξ is the tapering parameter, L 0 is the length of the stenosis. n (≥ 2) is a parameter determining the shape of the constriction profile and referred to as the shape parameter, for which symmetric stenosis is found for n = 2 and d 0 indicates its location as shown in Fig. 1 . The constitutive equations for Prandtl fluid [22] are given by
where A is material constant of Prandtl fluid model.
The equations governing the flow are described as 1 r
Define the following non-dimensional parameters
The non-dimensional problem after dropping dashes becomes
Under low Reynolds number approximation, the appropriate equations along with the boundary conditions for mild stenosis
subject to the additional condition
take the following form
3 Solution of the Problem
The perturbation series solutions up to second order interns of power series of β can be written as
The dimensionless boundary conditions become
B and
where
In the above boundary conditions u
B represents the slip velocity, α the slip parameter and D a is the Darcy's number. Making use of the above equations in Eqs. (14) to (16), we get
Zeroth order problem
First order problem
Solution of zero order problem
As zeroth order system is linear thus the exact solutions satisfying the boundary conditions are directly obtained as
Solution of first order problem
Making use of zeroth order solution, the first order solution is calculated as
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The final expression for velocity u can be calculated with the help of Eqs. (38) and (41) into Eq. (20) . The flow rate Q is defined as
where Q 0 + Q 1 = dp 0 dz + β dp 1 dz
The pressure rise is given by ∆p = L 0 dp dz .
The integration is taken over the arterial segment from 0 to L. The flow impedance λ is defined as
The non-zero dimensionless stress is given by
.
The expression for wall shear stress is obtained as
Results and Discussion
This part of the communication describes the graphical features of pertinent parameters on the profiles of impedance (λ), velocity (u), and shear stress (S rz ). The observations are made for converging tapering, nontapered artery and diverging tapering to observe the effects under different shapes of stenosis. The graphs of impedance (λ) are drawn against the slip parameter (α), stenosis height (δ) and MHD parameter (M ). The stress component (S rz ) is sketched for different values of the interesting parameters against the axial coordinate (z). Velocity distribution (u) is visualized to see the variation of β, √ D a and M. The streamlines are displayed at the end of communication in order to investigate the flow pattern under the presence of different parameters to discuss the trapping bolus phenomenon.
Impedance Variation
In Fig. 2 , the impedance is plotted for the variation of the Darcy's number √ D a against the slip parameter α. It is revealed here that impedance of the flow has a bit sharp rise in the domain α > 0.25 for small values of √ D a . It is also seen that impedance is in direct relation with the variation of slip parameter for three different types of stenosis. The altitude of the impedance profile is getting higher for diverging tapering, non-tapered artery and converging tapering, respectively. One can see the impact of slip parameter α on the distribution of impedance against the stenosis height δ in Fig. 3 . From this graph, it is measured that impedance is increasing with the increase of stenosis height. Increasing values of α enhances the impedance. Figures 4-5 describe the influence of α and γ on the impedance plotted along the MHD parameter M . It is concluded here that impedance is very small in the region 0 < M < 0.15 and a significant variation is observed in the remaining part of the domain. It is to be noted that as we increase γ, impedance profile increases. Figure 6 corresponds to the variation of shear stress S rz against the axial direction z under the effects slip parameter α. It is depicted from this graph that stress is directly proportional to α i.e., if we increase α, the stress will get the higher amplitude. In Fig. 7 , the effects of different shapes (n) of stenosis on the shear stress distribution is analyzed. It is evident that shear distribution for larger values of stenosis in the first region 0 < z < 0.6 is smallest when compared with the second region 0.6 < z < 1. This figure also reveals that over all, shear stress decreases for different shapes of stenosis. Figure 8 shows the streamlines for the slip parameter α. It is seen here that as we increase the slip parameter, the area of the bolus is expanding but number of bolus is reduced. The variation of Darcy's number √ D a for the Vol. 63 streamlines is displayed in Fig. 9 . It is to be noted that more boluses are obtained with the increase in magnitude of Darcy's number but size of the bolus is diminished gradually. Figure 10 reveals the similar behavior of streamlines with the variation of stenosis height δ as observed in the previous figure for Darcy's number. It is resulted from Fig. 11 that boluses are shifted from the mean position as the stenosis shape is changed from n = 2 to n = 6 and n = 11. 
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